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Using the NASA/Langley Research Center Crash Impact Dynamics Facility, an OH-58A fitted
with the WSPS was subjected to pendulum swing tests in which the helicopter struck fixed
cables at approximately 40 knots airspeed. The system demonstrated the capability to easily
sever 10,000-pound-strength 3/8-inch steel messenger cable, 50-pair copper communications
cable, and 0.419-inch high-power transmission lines, including multiple arrays of those cables.Data acquired indicated that the wire impact/deflection/cutting sequence would not have a •
significant effect on helicopter performance, control, crew functioning, or blade flapping. In-
stallation of the WSPS on tve entire Army tactical helicopter fleet is recommended.

An additional test of a device to deflect wires past the helicopter skid gear, vertica! stabilizer,
and tail rotor was conducted. A 7/8-inch tubular steel deflector was designed and fabricated.
The device proved to be inadequate. It wvas concluded that a skid gear deflector is not a
practical OH 58A retrofit from 3 cost and weight standpoint.

II

Unclassi 'ed

Ii

P',



P RE FACEj

The project engineer for the tests described herein was LeRoy T. Burrows, Aerospace

1.

Engineer, Safety and Survivability Technical Area, Aeronautical Systems Division, Applied
Technology Laboratory (ATL). Other contributing ATL personnel were Mr. Paul Triplett,
lead Aerospace Technic!,.i,; Mr. John Chappell, Instrumentation Engineer; and Mr. Dominic
lanuzzi, Instrumentation Technician.

The author extends his gratitude to the following organizations and individuals for the
support specified:

* NASA-Langley Research Center (LRC) for facility support, conducting the pendulum p
swings of the aircraft, and external photography. Dr. Robert Thomson, Mr. Claude

& Castle, and Mr. Dwight McSmith, all of the LRC, were instrumental in the success
of these tests.

* U. S. Army Transportation School, Department of Aviation Systems, for loan of
the test vehicle and for conducting the weight and balance measurement of this
aircraft.

* U, S. Army Transportation Center and Fort Eustis Directorate of Facilities
Engineering, Utilities Division, Electrical Branch, and the U. S. Army Communica-
tiofns Command Detachment, Fort Eustis, for erecting the wires for these tests-

* ATL. Technical Services Division for test preparation; principally Messrs. Edwards,
Krowe, and Doxey.

ACCESSION for

NTIS Wnite Section NO
DOC Buff Section 0
UNNNeU-rF0 13
JUStIrICAHON I

3 1
8Y0

Ii
L , - .,--4'.



L

TABLE OF CONTENTS

Page

PREFACE ................................................................................................................. 3

LIST OF ILLUSTRATIONS ......................................... 5

LIST OF TABLES ........................................................... 8

INTRODUCTION ..................................................................................................... 9

TEST PROG RAM ..................................................................................................... 11

W ire Strike Protection System Experim ent .................................................... 11

Skid Gear W ire Deflector Experiment ........................................................... 11

TEST FACILITY ...................................................................................................... 12

TEST SETUP ............................................................................................................ 15

Aircraft and Cutter/Deflector Systems ............................................................ 15

Obiective W ire ................................................................................................... 19

Instrumentation .................................................................................................. 22

Photographic Coverage .................................................................................... 23

TEST DESCRIPTION ................................................................................................ 25

TEST RESULTS ........................................................................................................ 28

W ire Strike Protection System Experim ent .................................................... 28

Skid Gear W ire Deflector Experiment .......................................................... 41

CONCLUSIONS .......................................................................................................... 45

RECOM M ENDATIONS ............................................................................................. 46

APPENDIX A - INSTRUM ENTATION ................................................................. 47

5

€ o

,• • • ,--_,•- .o- .. .. _- _• ,,....• .,•- . . . ............



LIST OF ILLUSTRATIONS

Figure Page

1 Langley Crash Impact Dynamics Research Facility ............................ 13

2 Pendulum swing test apparatus ............................................................ 14

3 WSPS upper cutter ............................................................................... 16

4 WSPS lower cutter ................................................................................ 17

5 WSPS windshield centerpost deflector ........................... 18

6 Skid gear deflector, side view ............................................................. 20

7 Skid gear deflector, front view ........................................................... 20
4

8 Tail deflector system ......................................... 21

9 Pullback cable attachment fixture ........................................................ 21

10 Canadian wire cutting test apparatus .................................................. 22

11 Test instrumemtation and battery installation ...................................... 23

12 Cockpit camera installation .................................................................. 24

13 Ckid gear camera installation ................................................................ 24

14 Pre-pullback position ........................................................................... 25

15 Pullback positio n ................................................................................. 26

16 Objective wire and communications cable after being severed .......... 28

17 Post-test upper cutter condition ..................................... .......... 29

18 Windshield scratches from cable impact .............................................. 29

19 Test 4 longitudinal impact fnrces ........................................................ 30

20 Test 4 lateral impact forces ................................................................ 31

21 Test 4 pitch attitude change ................................................................ 31

22 Test 5 wire impact damage to aircraft ............................................. 32
A

6

-- ____ -.- t.-



LE Pa.e

23 Side view of lower cutter performance ............................................ 33

24 Front view of lower cutter performance................................... 34
25 Test 5 pitch attitude change ............................................................... 35

26 Test 5 longitudinal impact forces ....................................................... 35

27 Test 5 lateral impact forces ................................................................ 36

28 Description of multiple cables for Test 7 .......................................... 37

29 Test 7 multiple wires as erected .......................................................... 37

30 Multiple wire test sequence ....................................... 38

31 Test 7 longitudinal impact forces ........................................................ 39

32 Test 7 lateral impact forces ............................................................... 39

33 Test 7 pitch attitude change ............................................................... 40

34 Wire impact sequence during test ........................................................ 42

35 Left line pole after test ...................................................................... 43

36 Right line pole after test .................................................................... 43

37 Post-test concdition of skid gear deflector .......................................... 44

38 Test 6 longitudinal impact forces ........................................................ 44

A-1 Recording system block diagram ................-......................................... 48

A-2 Data playback system block diagram ............................................... 51

7I
*11. -



• I LIST OF TABLES

Table Page__

1 A;rcraft conditions at wire im pact ................................................... 26

2 Pendulum sw ing test schedule ............................................................ 27

A -1 Recorder functions ............................................................................. 50

t8

L L
I

i.I

t I
IJ

I1

8i

I1



INTRODUCTION

In-flight wire strikes are a serious threat during all-weather daytime and nighttime heli-
copter operations, including:

0 Terrain flight (nap-of-the-earth, low-level, and contour flight)

* Enclosed area takeoff and landing

0 Confined area maneuver

The U. S. Army's growing emphasis on these operations is a major reason for the recent
increase in wire strikes experienced. Despite concentrated training on avoiding wire •
strikes and actions such as mapping of wires in training areas, removal of unnecessary
wires, marking of cables with orange spheres or other devices, and preparation of SOP's
to increase pilot awareness of the wire strike threat, the peacetime wire strike problem
remains a serious one. During the period 1 January 1974 to 1 January 1980, wire
strikes accounted for 8 percent of total Army aircraft damage, 6 percent of all Army
aircraft injuries, and 16 percent of Army aviation fatalities. Inasmuch as many of these
mishaps have occurred during training over familiar sites, it can be assumed that the
wire impact threat posed by combat operations in unfamiliar areas would result in
increased wire strikes. Furthermore, in a hostile environment th., enemy can be expected
to string wires -,s an intrusion countermeasure. I
Since the emphasized operations require flight close to the ground during varying degrees
of visibility, the hazards presented by wires and other obstacles cannot be eliminated. J
However, these hazards can be effectively reduced by configuring the helicopt'r system
to be more tolerant of them. Increasing helicopter survivability to the wire strike threat -.
will result in fewer mishaps, and therefore, increased aircraft availability, decreased main-
tenance, reduced casualties, and improved mission effectiveness.

A simple, cost-effective design approach to providing protection from the wire strike
threat is a helicopter Wire Stri!ve Protection System (WSPS) designed by Bristol Aero-
space Limited (BAL) under contract to the Canadian National Defence Headquarters.
This system consists of an upper cutter, a lower cutter, and a windshield centerpost de-
flector. An examination of electric power and telephone lines in use revealed that a
steel, 3/8 inch diameter, seven-strand messenger ciLAe with a tensi;e strength in excess of
10,000 pounds was the toughest cable feund in abundance. It is designated as 1OM

cable by the industry. This type of cable had been the cause of many fatal helicopter
accidents. Accordingly, the WSPS was designed to counter the threat of this cable,
which was designated the design objective wire. The objective wire is used to support

heavy communications cables that consist of many copper wires within, or to provide
other structural support.

In May 1979, the Canadian WSPS was qualified for Canadian KIOWA helicopter (OH-58A)
application. BAL conducted a series of 52 wire-cutting tests by mounting a deflector and
upper cutter on a wrecked KIOWA fuselage, rigidly securing this to the flatbed of a truck,
and driving the truck into fixed wires. Test variables included speed (15 to 60 mph),
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yaw angle (0 to 45 degrees), strike location (nose to top oi cutter), and wires (steel-Sr~iforced aluminum cables, 10M, and guy cables). Concurrently, the Canadian Aerospace

"Engineering Test Establishment conducted a flying qualities and electromagnetic interfer-
ence (EMI) qualification of the OH-58A with the WSPS installed. All wire cutting tests
were successful and no significant effects upor. aircraft performance were noted.
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TEST PROGRAM
I

The wire cutting test method employed by BAL validated upper cutter and deflector

design objectives but did not test the lower cutter. The test also did not answer ques-

tions regarding aircraft pitch and yaw changes and deceleration loads during the wire
I impact and cutting sequence, and their potential effects upon aircraft control and blade

flapping. To answer these questions, and thereby determine suitability of a WSPS for
Army aircraft application, was the primary objective of the following ATL tests.

WIRE STRIKE PROTECTION SYSTEM EXPERIMENT

The primary purpose of this experiment was to determine the suitability of the Canadian
WSPS for application to U. S. Army helicopters. This was to be accomplished by assess-
ing the effect of single and multiple wire impact forces and the deflection/cutting
sequence on aircraft control, the pilot, and blade flapping. In addition, the lower cutter
was to be tested for struc:tural integrity ann wire-cutting capability. The upper cutter
and deflector performance and structural integrity had been pro','•n in tests cciducted in
Canada by Bristol Aerospace Limited- 1
SKID GEAR WIRE DEFLECTOR EXPERIMENT

The purpose of this experiment was to design, fabricate. and test a device that would
deflect wires an.d caoles past the skid gear, vertical stabilizer, and tail rotor, thereby pro-
tecting the helicopter from skid gear wire eFrtanqlerfient for all aircraft wire strike attitudes.
With the WSPS it is possihle for the wire to go under the lower cutter and be snagged by

the skid gear, especially in the case of a nose-up attitude.

These tests were conducted in October 1979 at the NASA/Linqley Research Center
Crash Impact Dvnamic.b Facility, Hampton, Virginia. The test veehicle was an Army OH-58A

:,bservation helicopter.

This r port documents test pre )araiion, description, results, arid conclusions.

11 1
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TEST FACILITY

The OH-58A Wire Strike Protection System test was performed at the Crash Impact
Dynamics Research Facility shown in Figure 1. The basic structure of the facility is the
420-foot-high by 400 foot-long gantry. It is supported by three sets of inclined legs
spread 267 feet apart at the ground level and 67 feet apart at the 218-foot level. A
movable bridge spans the gantry at the 218-foot level and traverses the length of the
gantry. A control room and an observation room are located in the building at the base

of the gantry. Along thp centerline of the gantry, ant ground level, is a strip of rein-
forced concrete 400 feet long, 30 feet wide, and 0.67 foot thick.

The apparatus necessary to conduct a helicopter pendulum swing test is shown in Figure
2. Swingqcable pivot-point platforms, located at the west end of the gantry, supported
the winche. , sheaves, and puliev systems that controlled the length of the swing cables. A
pullback p:Atform, attached to the underside of the movable carriage, supported the winch,
sheave, and pulley sysvn that controlled the lenqth of the pullback cable. Swing cab!es
were attached to the helicopter rotor hub and, during the pendulum swing, supported the
helicopter through the rotor mast, as ii would he in free flight. A pullback cable with
an el ctrically operated hook was attached to a specially fabricated fixture placed on the
aft end o' the tail boom.

Both swing and pullback cables could be varied in length to povide desired pendulum
swing arc and velocity. For a wire heiqht of 22 feet. the pullback position shown in
Figure 2 was calculated to provide le ds.sired wire impact velocity.

I
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TEST SETUP

AIRCRAFT AND CUTTE R/DEF LECTOR SYSTEMS

The test specimen was an OH-58A helicopter that had been retired from service and was
being used for maintenance training by the U. S. Army Transportation School. It was I
fully equipped less avionic equipment. The aircraft was initially prepared for testing at
the Applied Technology Laboratory. This preparation included installation of the Canadi-
an OH-58A Helicopter Wire Strike Protection System and pruvisions for rapid installation
of the skid gear deflector concept to be tested.

The Canadian WSPS is shown installed on the test aircraft in Figures 3, 4, and 5. This
is a cutter/deflector system with an upper cutter to protect the main rotor controls; a
lower cutter to protect the skid gear; and a windscreen centerpost deflector with a ser-

rated cutting edge insert to deflect wires to the upper cutter, to cut copper and aluminum
wires, and to reinforce the centerpost structure. The WSPS is a passive svstem, having no
moving parts, Upon wire impact, the helicopter momentum deflects the wire or cable
into the upper or lower wedge-shaped cutter, where it is notched to the extent required
for easy breakage in tension. The total OH-58A WSPS weight is 16.3 pounds, including
all supporting structure and the mounting plates. Installation of the WSPS iaquiied
approximately 40 man-hours.

For the skid gear deflector the primary design consideration was weight, since that vcj
dictate application practicality when compared to the WSPS lower cutter. Other cdozi&)r
requirements established were:

* Sufficient strength to deflect a 1/2-inch cable impacted at 90 knots.

* Minium retrofit cost.

* Not a potential foreign object damage source.

* No inter erence with crew ingress, egress, or performance.

* Minimum modification to basic aircraft.

* Minimum drag addition to aircraft.

No significant increase in aircraft susceptibility to snaggirin tree limbs or
other objects during forward and lateral flight. N

Adaptable to vertical displacement of fuselage and horizontal displacement
of skid gear during normal and hard landings.

15



it-

LL.

16a

0 WON a a"



I --,

L. j
,'I

I "

17

C I

.2,



T� -� -.

I

.1
.1

t *1

I'

I
.1

S
j

Al

I

1

2'I

F 'jun 5. V'/SPS �vi ndshicld ceflturjiost (I(' flec tor.

I
18

-1

I

vWYYWq�V' - -�Y--.



-t

The design approach selected as a resuit of trade-off analyses was:

1. A one-piece tubular stainless steel deflector rod (7/8-inch OD, 3/16-inch wall
thickness) that would provide a 45-degree angle of wire deflection and act as
a natural spring during fuselage/skid gear deflections. The lower attachment
was internal to the skid gear tube, resulting in a flush interface. The upper
attachment to the fuselage was by a connector plate located just aft of the
landing light (see Figures 6 and 7).

2. A deflector cable to provide vertical stabilizer and tail rotor protection
(Figure 8).

A structural jnalysis of the selected design indicated that marginal performance could be
expected. However, since the deflector concept chosen entailed an aircraft weight addi-
tion of approximately 17 pounds as compared to the 6.5 pounds for the WSPS lower
cutter, it was decided that any additional weight increase woi'ki make the skid gear de-
flector concept impractical for application.

Additional aircraft preparation included provisions for the instrumentation package, fabri-

cation and installation of an eyebolt connector for pullback cable hook attachment
(Figure 9), camera mounts fabrication and installation, ballast installation, motion restraint
fixtures for cockpit controls and rotor hub, and weight and balance calculations. Also,
the main rotor blades were removed from the aircraft to prevent them from creating
undesirable motion in the test vehicle during the pendulum swing. More than 900 pounds
of ballast was placed in the aircraft to maintain a normal vertical cg, and to locate the
longitudi.nal cq at the rotor inst station so as to decrease the possibility of erratic pitch

motions of the aircraft during the swing prior to wire impact. The ballast weight was
chosen to result in a typical mid-mission OH-58A gross weight of 2610 pounds.

Final test preparation at the test site included installation of the instrumentation package,
umbilical cable connection, installation of batteries for sensor and camera power, check
of each data channel, and camera installation and loading. All of the weignt-related items
were temporarily installed at ATL for the purpose of determining the weight and balance
characteristics of the test helicopter.

OBJECTIVE WIRE

Communication/power line poles were erected at the test site 160 feet apart in a man-
ner to permit stringing of the objective wires normal to the predicted aircraft fligh* path.

The wires were strung approximately 15 feet forward of the swing-cable pivot-point
platforms and at a height of 22 feet above ground level. This permitted raising and
lowering of the aircraft to a pre-pullback position without wire interference. For the
majority of tests the objective wires were a 10M steel, 3/8-inch diameter, seven-strand

cable supporting a 50-pair communications cable of 0.85-inch diameter, containing 100

copper wires. Army line crews from Fort Eustis erected the wires in accordance with
their standard procedures.

Use of a 160-foot objective wire strung at a standard height and tensioned by the line
crew in accordance with normal procedures provided a realistic wire-cutting tcst and
allowed a valid assessment of thp wir' frpP-end -nmvemnt ,ftcr it had' ben tut. f itvri

19
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IV Figure 6. Skid qear deflector, side view.

Figure 7 Skid gear deflector, front view.
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I Figure 8. Tail deflector system.

Figure 9. Pullback cable attachmeciit fixture.
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Bristol Aerospare Limited had used an objective wire section approximately 10 feet long,
supported by a guy cable, for their tests (see Figure 10). Had BAL used normal span
wires for each of their 52 wire-cutting tests, the cost would have been prohibitive.

. 10 . w. c ts a.

IiI
I!
i1

Figure 10. Canadian wire cutting test apparatus. •

INSTRUMENTATION

Nine instruments were used to record data during the tests. These included gyros to
mezsure pitch, roll, and yaw attitude and pitch rate; accelerometers to determine the
longitudinal, vertical, and lateral loads a pilot would experience during wire impact; and
load cells to measure the wire tension increase throughout the deflecting/cutting sequence.
The instrumentation and battery package as installed in the rear seat of the test aircraft
is shown in Figure 11.

Instrumentation data was conveyed to the ground-based recorder in the instrumentation

trailer through an umbilical cable. To minimize the effect of the umbilical cable on test
aircraft attitude, the cable was directed up a swing cable, over the gantry, and down to
the instrumentation trailer. This necessitated an umbilical cable length of approximately
800 feet.

Two on-board NiCad batteries provided power to the instrumentation circuitry and the
instruments. Part of the test countdown sequence included a 10-minute power-on warm-
tip of the gyros. Appendix A provides a detailed description of the instrumentation used
in this teft and describes the Mounting, calibration, cahling, circuitry, and recording
p rocedliit s.

22
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Aircraft speed at wire impact was measured by two tripod-mounted radar devices. No
attemnt was made to include strain gages to measure cutter and suoporting structure loads
since this was accomplished by Bristol Aerospace Limited over a wide range of conditions.

t

Figure 11. Test instrumentation and battery installation.

PHOTOGRAPHIC COVERAGE

Two photosonic high-speed (650 frames/sec) 16mm motion picture cameras were nstalled
on trie test aircraft. One was mounted in the cockpi-t to provide a pilot's-eye view during
the test (Figure 12). The other was Mounted to the right skid to allow a view of thelower cutter performance (Figure 13). A 13mm wide-angle lens was used because of its

wide field of view and its ability to obtain visual data at close range. These cameras
were powered by an on board NiC.J battery and were activated by a sional from tile
ground control room at the T minus 2 seconds point of the aircraft release countdown.

The exterior notion picture photography %vis provided by NASA except for hand-held
cameras operated by ATL photographers. Ground coverage included five high-speed
(650 frames.'sec) ground cameras and two 70mm still sequence (50 frames.'sec) camnias.

23
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Figure 12. Cockpit camera installation.
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Finure 13. Skid gear camera installation.
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TEST DESCRIPTION

For each test, the OH-58A was lifted by the two swing cables to a height that
would provide the desired location of initial wire impact. The cables were locked, as
shown in Figure 14. For the upper cutter tests the desired wire impact location was
slightly below the middle of the windshield centerpost. For the lower cutter tests the
desired wire impact point was in the area of the landing light. Figure 14 also shows
that the swing cables were attached to the rotor hub by means of a ring attachment
that would allow movement of the aircraft independent of the swing cables. The air-
craft was then drawn back by the pullback cable until the aircraft was in a position
similar to that shown in Figure 15. The height was calculated to provide a pendulum
swing flight path that would result in the planned wire impact conditions listed in
Table 1. The 40-knot impact speed was selected as representative of terrain flight
operations. Although airspeed at impact could have been varied, the short time of
facility availability coupled with the time and cost of wire erection precluded additional
testing. The test schedule is shown in Table 2.

iI

i i I

Figure 14 Pre-pullback position.f
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TABLE 2. PENDULUM SWING TEST SCHEDULE

Test Number Test Date Objective Wire

11 Stability check swing 28 Sep 79 None

12 Sm~bility check swviig 28 Sep 79 None

3 Upper cutter 1 Oct 79 1 OM cable supporting a 60-pair commo cable

.5 Upper cutIte 3 Oct 79 10M cable supporting a 60-pair commo cable

5 Lower cutter 3 Oc,, 79 10M cable supporting a 50-pair comma cable

6 Skid gear dell2Ctor 4 Oct 79 1DM cable supporting j 50-pair comma cable

7 Multiple wires 5 Oci 79 Two 0.4 !9-inch-diameter high-power trans-
mission cables and one 10M cable supportingI a 50-parr comma cable.



TEST RESULTS

j WIRE STRIKE PROTECTION SYSTEM (WSPS) EXPERIMENT

Tests 1 and 2

Tests 1 and 2 were conducted without wires erected to ascertain the aircraft motion
during a penduhim swing while supported only through the rotor mast. Neither of
these tests resulted in erratic flight motions, indicating that no further restraint of the
aircraft during the wire impact tests was required. During these stability check swing

tests and subsequent tests the aircraft yawed left 15 degrees and maintained that attitude
throughout a large segment of the swing arc including the wire impact point. This was
attributed to the basic aerodynamics of the airframe in free flight. The actual wire im-
pact conditions are also shown in Table 1. The lower airspeed than that planned was
attributed to the fact that drag was not properly considered in the pretest calculation.
The positive pitch angle occurred because the aircraft was on the upswing portion of
the pendulum arc with a nose-up attitude when it impacted the wire.

Tests 3 and 4

In each test the objective wire impacted the aircraft slightly above the middle of the
windshield centerpost, vas deflected into the uroper cutter, and was severed. Since the
1OM cable is steel it was not significantly weakened by the sawtooth cutter insert in
the centerpost deflector, In fact, the wire impact resulted in breakinci a number of teeth
off of this cutter. The upper cutter performed as designed, notching the cable so as to
result in ease of failure in tension. The broken 10M cable and supported 50-pair com
munications cable are shown in Fiqure 16. After twice cutting a 1OM steel cable, the
tipper cutter blade showed only minor scoring and paint removal, as shown in Figure 17.
Because the aircraft was yawed left 15 degrees at wire impact, the steel cable contacted
the right windshield, resulting in minor scratches as shown in Figure 18.

Fi(ljure 16. Ohj{ective will- ,nd commiminic~ations cablle
alter hI'n lg s(cver(,d.
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Figure 17. Post-test upper cutter condition.j

Figure 18. Wind•.shieIld scratches from Cdt)Ic: imnpaCt.
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Recorded longitudinal and lateral forces are presented in Figures 19 and 20 respectivelyand are insignificant considering pulse magnitude and duration; these forces would not
adversely affect crew performance In viewing the data the reader must take into account
the aircraft oscillations inherent in a pendulum swing, the dynamic interface of the heli-
copter with the swing cables and attachment rings, and the wire impact/deflection/cutting
time sequence. The latter factor entails initial impact of the wire with the aircraft, de-flection to the cutter, imipdct with the cutter, dnd the cut, with the wire stretching aoid
tensioning throughout this sequence. The pitch-change time history was also insignificant
because the wire impact was near the vertical cg of the aircraft. Figure 21 depicts this
parameter for the pendulum swing, which by its nature will result in a continuous change -
in aircraft pitch attitude.
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Figure 19. Test 4 longitudinal impact forces.
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Figure 20. Test 4 lateral impact forces. .
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Test 5

The objective wire impacted the aircraft below the pitot tube in the landing light area,
causing minor damage to the Plexiglas cover (see Figure 22), then deflected into the
lower cutter and was successfully severed. Figures 23 and 24 are still sequence photos
of this test. This was the first time the lower cutter had been tested; the Canadian
test setup precluded testing of this WSPS component.

Because of the location of the lower cutter with respect to the aircraft vertical cg, the
nose-down pitching moment should be the greatest attitude change encountered in a test
of this nature, As can be seen in Figure 25, the nose-down pitch variation was slight
and would be easily controliable by the pilot. Figures 26 and 27 show the recorded
longitudinal and lateral impact forces, respectively. They also were of such a short pulse
as to be insignificant with ruspect to crew performance effect. The average peak wire
tensiometer reading for Tests 3 through 5 was 1368 pounds. This was consistent with
the Canadian test results.

Figiure 22. Test El wire impact damage to aircraft,
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Figure 25. Test 5 pitch attitude change.
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Figure 26. Test 5 longitudinal impact forces.
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Figure 27. Test 5 lateral impact forces.

Test 7

This test used two 0.419-inc-h.diameter power transmission cables and one 1OM cable sup-
porting a 50-pair commo cable as the objective wires. Since multiple wires are involved
in many helicopter wire strike accidents, this test was of great value. The objective wires
are depicted in Figures 28 and 29. Arrangement and spacing of the cables were in accord-
ance with standard installation procedures when there is a mix of power transmission
and communication lines supported by the same poles.

Weather conditions for this test were poor with rain resulting in the inability to use
most of the ground movie cameras and both of the 70rmi still sequence cameras. How-
ever, this was the last day of facility availability and the test was accomplished during a
short break in the rain shower activity. The test was a complete success, as depicted by
the photo series in Figure 30. The two copper high-voltage power transmission cables
impacted the windshield centerpost and deflected upward to the cutter. One of these
cables was cut by the sawtooth cutter inserted in the deflector. The other was weakened
by this cutting edge and was finally severed in the upper cutter. The 1OM steel cable
with the supported 50-pair communication cables was deflected into the lower cutter and
easily severed. It should be noted that after two cuts (Tests 5 and 7) the lower cutter
showed no signs of scoring and only had some paint removed from it. With a multiple
wire strike, the deceleration forces were expected to be greater than that of a single wire
strike. This was the case, as shown in Figures 31 and 32, which depict the longitudinal
and lateral forces respectively. For a longitudinal force peak of less than 2 g or an
average of less than 1 q, over a pulse period of less than 50 milliseconds a pilot would
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feel only a force equivalent of a light gust load. The lateral deceleration spike of I g
corresponds with impact of the deflected cable into the cutter. Since this pulse has only
a 25-millisecono duration, it is insignificant. The pitch attitude time history is shown in
F'gure 33 and was again analyzed as easily controllable and therefore insignificant.

The potential effect on OH-58 blade flapping of wire impact loads was analyzed using the
Rotorcraft Flight Simulation Computer Model. This model, developed at Bell Helicopter

Textron, is used extensively for handling qualities analyses and is considered valid for
rotor blade flapping definition. In applying the impact load and pitch change data ob-

tained from Test 7 to the computer model, the change in linear and angular rates of the
fuselage was so small that there was no noticeable effect on rotor blade flapping relative
to the fuselage.

14

Figure 28. Description of multiple cables for Test 7.

I,..

Fiqure 29 Test 7 multiple wires as erected.
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Figure 31. Test 7 longitudinal impact forces
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Figure 33. Test 7 pitch attituri• change.
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SKID GEAR WIRE DEFLECTOR EXPERIMENT

Test 6

* The Test 6 conditions represented some of the most severe that could be expected in
* actual operation:

1. Because of the 15-deqree aircraft yaw, one side of the deflector had to take
the entire load.

2. Just past the bottom of the pendulum swing the aircraft has a centrifugal
force acting on it, thus increasing its effective weight. In addition, the
requirement for the aircraft to ride up and over the cable creates an upward
acceleration, resulting in additional g forces. These factors are additive in

2 increasing the force of the wire on the deflector.

3. Th• nose-up attitude at wire impact resulted in an increased deflection angle,
* which increases the normal force vector of the wire in the deflector.

Figure 34 shows the wire impact sequence. As can be seen, the right side of the deflec-
tor was subjected Ku the entire impact load and bent inward, snagging the wire and pre-
venting deflection. The right skid was broken and the wire became caught on the
forward skid gear cross tube. The resUlting forces were such that the left line pole sup-
porting the cable was broken at ground level and thrown approximately 170 feet to a
position forward and to the right of the aircraft (Figure 35). The right pole was left
rean~ng with guy fi•iro, polled from the ground, This can be seen in the background

of Figujre 36. "lhe IM messenger and 50pair communications cable were not damaged.
The skid gear dtflector was thrown to the apron (see Fiqure 37).

The data collected is meaningful only in that it indicates impact forces when the wire
is not cut. Figure 38 depicts the longitudinal forces experienced during the impact
sequence. Force magnitude and duration are such that they would adversely affect crew
performance in controlling the aircraft. Had the aircraft not been restrained by theswing cables it is believed that it would have pitched over into the ground, as has been

the case in a number of Army helicopter accidents. As a result of these tests, an altr-
nate skid gear deflector was designed that may have adequate strength. It consists simply
"of slip over extensions oi tl'e skid gear without attachments to the fuselage. However,
this c:cept wou!d aduo 55 pouns to then aircraft and is therefore not considered procti
cal. In addition, the effects of a deflected cable on tile aft end of the aircraft and onair%;raft control rem-Tain ur~knowNn potential problems.
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Figure 35. Left line pole after test.

Fiour� 36. Riqht line pole after tesc. I
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CONCLUSIONS

1. The passive WSPS concept tested proved to be highly effective in protecting the
OH-58 helicopter against mishaps caused by wire strikes. When installed fleetwide,
the system should result in fewer accidents, injuries, and fatalities than are presently
being experienced in unprotected Army helicopters.

2. As a result of the data obtained from these tests and the tests conducted by BAL,
it can be assumed from the ease of cutting the objective wires that the WSPS has
the capability to deflect and cut wires and cables of greater diameter and strength
than the design objective wire.

3. The wire impact/deflectior,/cutting sequence does not have a significant effect on
the helicopter or the operator with respect to performance, control, and blade
flapping.

4. A skid gear deflector is not a practical OH-58 retrofit from a cost or weight
standpoint.

5. To be competitive with a WSPS lower cutter a skid gear deflector would have to be
designed into an aircraft at the inception of the program. Such i design must also
include protection of aft components once a wire is deflected past the skid gear.

6. The WSPS lower cutter is probably more suitable wire protection than a deflector
for wheeled helicopters.

11,I
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RECOMMENDATIONS

Based on the ATL wire strike protection test series, it is recommended that:

1. The Army initiate retrofit of OH-*5A helicopters with the WSPS tested, and
that a program be initiated to configure this concept for UH.1, OH-58C, and
AH-1 applications with the intent of subsequent retrofit of those helicopters.

2. All new helicopter specifications include design criteria and a requirement for
a WSPS,

3. The BLACK HAWK and Advanced Attack Helicopter Project Manager, take
action to: define a WSPS configuration suitable for these helicopters; retrofit
aircraft already produced; plan for WSPS installation during production.

4. Any consideration of a skid gear deflector for future aircraft systems 'nclude
a comparative analysis with a cutter considering cost, weight, and effectiveness.
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APPENDIX A
INSTRUMENTATION

GENERAL

Static and dynamic test parameters were obtained using three basic type transducers:
load cells, pitch/roll gyros, and accelerometers,

Transducers located on the test aircraft were secured to a mounting board positioned
and fastened to the ceat behind the pilot's seat. All transducers were connected to
remote recording equipment through multi-pair signal cable. A Genisco Model 10-276
magnetic tape recorder received the signal inputs via an 800-foot umbilical line running
from the aircraft, up the swing cable, over the gantry, and to the instrumentation trailer
located 226 feet from test impact point. This trailer contained all necessary signal-
conditioning, instrumentation power, and accessory units other than the required on-board
test aircraft transducer power supply.

ATL instrumentation technicians designed, fabricated, and wired the circuitry. They per-
formed laboratory checkout, instrumentation system installation in test aircraft, recording
systemn setup, and the makeup of the signal cable system for data collection.

APPLIED TECHNOLOGY LABORATORY RECORDING SYSTEM

The data recording system block diagram is presented in Figure Al1. Date obtained from
transducers on board the test aircraft were recorded via signal cables to a magnetic tape
system.

TRANSDUCER CHANNEL CIRCUITS

Accelerometers

A triaxial accelorometer, CEC Model 4.204 001 (± lOg), was used to acou;ro aircraft cock-
pit area acceleration forcev during the pendulum swinq' of the aircraft and during the wire
impact/deflection/cutting soquuncu. Longitudinal, lateral, and vertical acceloration data
were acquired.

Load Cells

Two load co'lls, Baldwin.Lima.Hamilton type SR-4, 10,0001b capacity, were used to detect
wire tensioning forces encountered during contact of the aircraft with the suspended cable.
Load cells wore mounted at oach end of the 10.foot objective cable placed transversely
to the test aircraft traval path.
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Gyros

Gyros were used to detect roll, pitch, yaw, and pitch rate of the test aircraft during the
complete pendulum swing arc, to include start position, wire impact, and finish position.
The pitch channel used a Humphrey ±6 0 I/sec gyro, Model CF 18-0402-1. All other
gyro parameter channels were detected via Minneaplis-Honeywell JG 7044A-4 vertical
gyros mounted for specific plane measurement.

Calibration

The load cell transducers and the triaxial accelerometer were calibrated by the ATL cali-
bration facility prior to the field test. Calibration of gyro channel circuits was accom-
plished prior to each test. Post-test static calibrations were also completed for the
accelerometer and gyro channels. Load cell calibrations were performed at the test site,
consisting of circuit zetoing and a shunt-valve step.

Data Channels

Table A-1 lists recorder channels and functions.

Data Playback

The data playback system is graphically shown in block diagram form in Figure A-2.
This system provides data analysis nf test information and hard-copy print graphs of
finalized data.
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TABLE A-1. RECORDER FUNCTIONS

Data Channel Number Recorder Track Number Transducer Measurement

1 1 Accelerometer 1 10g Longitudinal acceleration

2 2 Accolerompter :t log Vertical acceleration

3 3 Accelerometer ±t 10g Transverse acceleration

4 4 Gyro Pitch rate

5 5 Gyro Yaw

6 6 Gyro Roll

7 7 Gyro Pitch

8 8 Load cell, 10,000 lb "A" tension

9 9 Load cell, 10,000 lb "B" tension

10 10"

11 11"

12 12*

13 13 Voice channel

14 14 Irig clock Irig-ri time

"Channel 10 unused. Channels 11 and 12 shortpd for reference.

,o I
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